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Quasi-quadrennial (QQ:4-6y), 
Quasi-biennial (QB:2-3y) modes 
(e.g. Rasmusson 1990, Jiang et al 1995).
QB mode of ENSO is highly related to 
TBO (e.g.Meehl 1994)
Quasi-annual (QA) mode ( Jin et al 2003)
Decadal (QD,MD?)

Background: ENSO variability has multi-timescales.



The QQ and QB decompositions (from Wu and Huang 2005)
using EEMD method.
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TE: Eastern Pacific SST,
 h:  Zonal mean equatorial
  thermocline depth

2π/ω ≈ 45month,
γ -1 ≈ 25 month

Jin (1996, 1997) Burgers and Jin (GRL, 2005)

ENSO as an natural ocean-heat-content 
recharge oscillator
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Jin et al 1999

ENSO as an natural ocean-heat-content 
recharge oscillator
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5y ENSO cycle in
the NCEP model

is dominated by
this mechanism

(Zhang et al 2005)

fu= !"h
"y
,!!!at!!equator,!!u#h /$Ly

2



Questions:

• Are QQ and QB modes dynamically independent
ENSO modes (or multiplicity of ENSO modes) ?

• What are the implications of this multiplicity of
ENSO modes?

• What key elements missed in the ZC coupled
model may be responsible for a decadal mode ?



Approach:
Part I
• Eigen-analyses of linearized ZC model
   under continuously varying basic states in

parameter space
Part II
   Heuristic coupled model
   CGCM
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Eigen-value changes of ZC model following different
 intensities of the climatological wind from 80% to 120% 

Merging of 
QQ and QB



Eigen-vectors for QQ and QB modes
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The ocean-heat content recharge mechanism for phase-transitions
for both QQ and QB modes
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ZC:  state of the standard ZC model

D2: state for QQ and QB modes
 merge.

D1: QQ breaks down.



• Pacific allows the co-existence of QQ and
QB modes of ENSO, as well as a QA mode.

• Implications:
    (a) TBO is a manifestation of the QB mode

of ENSO.
     (b) ENSO decadal modulation?
    (c ) Changes in ENSO predictability?



Bursting behavior of ENSO in QQ-QB regime: 



1. NCEP model has both QQ and
QA modes  (Zhang et al 2005)

2. QB and QD?

3. Implications to predications?



• What is a potential key (missed) element
for  a coupled decadal recharge mode ?
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QD mode ?
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Gill type tropical model misses
the dynamic atmospheric response
in the extra-tropical Pacific:

Tropical SSTA----> atmospheric 
responses in subtropical region
, amplification by positive
Synoptic Eddy and  Low-frequency
Flow (SELF) feedback,----->
Sub-tropical wind stress anomalies
----> slow sub-tropical
oceanic Rossby waves,   
----->slow discharge
of  tropical ocean heat content--->
A weak decadal coupled recharge 
oscillator 



QQ mode

QD mode







Period: 3∼5 years
Luo et al 2004



Decadal (7-35 yr) ENSO-like pattern





Summary
• Pacific allows the natural co-existence of QQ and

QB modes of ENSO, as well as a QA mode.

• Two possibilities for QD:
• (1) QQ and QB interaction ---> QD modulation

(nonlinear).
• (2) A coupled decadal recharge oscillator mode

exist on its own.
(linear).

But
•  How to falsify or test these hypotheses?
















